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ACRONYM

Definition

ATV
CIR
FIR

GRC
HIRAP
MAMS

NASA
OARE
OSS
PIMS
RTS
SAMS
SE
TSH-ES

Automated Transfer Vehicle

Combustion Integrated Rack

Fluids Integrated Rack

Glenn Research Center

High Resolution Accelerometer Package
Microgravity Acceleration Measurement System
National Aeronautics and Space Administration
Orbital Acceleration Research Experiment
OARE Sensor Subsystem

Principal Investigator Microgravity Services
Remote Triaxial Sensor

Space Acceleration Measurement System
Sensor Enclosure

Triaxial Sensor Head Ethernet Standalone
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Science Support/Customers

NASA'’s Physical Sciences Research Program conducts fundamental
& applied research with experiments in various disciplines such as...

Fluid Physics
Combustion Science
Materials Science
Fundamental Physics
Complex Fluids
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Microgravity Community Feedback Model

Pre-Experiment Services

¥ Educate Investigators about the platform environment

¥ Select proper acceleration measurement system
¥ Develop displays

Post-Experiment Services

¥ Maintain acceleration data archives

¥ Generate Mission Summary Reports

¥ Perform general characterization of the environment

¥ Perform detailed experiment specific analysis of the environment

Existing Pre-Experiment
Microgravity Environment A
Knowledge Base )

Experiment
Operations Services

¥ Perform real time acceleration data processing

¥ Disseminate acceleration data via Internet
¥ Provide real time and near real time data analysis and
environment feedback

ﬁpdateleefined Post-Experiment
(H D Microgravity Environment

k Knowledge Base

Post-Experiment
Feedback

¥ Update the environment knowledge base

¥ Incorporate new data display options
¥ Refine data analysis techniques

HIGHLIGHTS

* Real-Time Displays: http://pims.grc.nasa.gov/html/PIMS_ISS_plots.html
» Acceleration Data Archive: http://pims.grc.nasa.gov/ftp/pad

» Characterization Handbook: http://pims.grc.nasa.gov/handbook
 Plans to Participate in Open Government Initiative
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3. Timeline of acceleration system deployment
4. Location of acceleration sensor deployment
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Timeline of NASA GRC System Deployment

(0.01 to 400 Hz) Station Vibratory

SAMS RTS (Ethernet Distributed)

(0.01 to 400 Hz) Station Vibratory

MAMS HiRAP 2028
(0.01 to 100 Hz) Station Vibratory

MAMS 0SS
(DC to 1 Hz) Station Quasi-Steady

E RRS (0.1 arc/s)

g= 1 sounding rocket, 1 shuttle

= TSH-FF (0.01 to 200 Hz)

:JT 3 sounding rocket, 2 shuttle

3‘) OARE (DC to 1Hz) - 12 shuttle flights

S 7 SAMS Units (0.01

2 to 100 Hz)

21 Shuttle/MIR Fligh
| /\/ | pss Fldntp | | | | | | |
1986 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018

YEAR
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Location of NASA GRC ISS Sensor Deployment

Collectively, SAMS & MAMS Sensors Have Been Mounted |

21 Unique Locations

system coord_name location_name r_orient p_orient y_orient x_location vy_location z_location
MAMS hirap LAB102, ER1, Lockers 3,4 180 0 0 138.68 -16.18 142.35
MAMS ossraw LAB102, ER1, Lockers 3,4 20 0 0 135.28 -10.68 132.12
SAMS 121f02 LAB1S2, MSG, Upper Left Seat Track 0 0 20 161.95 40.39 157.64
SAMS 121f03 LAB101, ER2, Lower Z Panel 0 30 -90 191.54 -40.54 135.25
SAMS 121f04 LAB102, ER1, Lower Z Panel 0 30 -90 149.54 -40.54 135.25
SAMS 121f05 JPM1FS5, ER4, Drawer 2 -90 -90 0 466.8 -292.06 214.58
SAMS 121f08 COL1AL1, ER3, Seat Track near D1 0 0 180 371.17 193.43 165.75
SAMS es05 LAB1S3, CIR, Front Panel 180 0 20 116.81 40.39 192.76
SAMS es06 LAB1S4, FIR, 0 180 0 69.31 40.39 196.41
SAMS es08 COL1F2, MSG, Ceiling Plate Y1-C3 Y2-D3 0 90 -90 475.71 235.22 160.27
SAMS 121f02 LAB1P3, CEVIS, Frame 0 0 -90 118.45 -38.36 170.57
SAMS 121f02 LAB10O2, ER1, Drawer 1 -90 0 -90 128.73 -23.53 144.15
SAMS 121f02 JPM1F3, TCQ, Lower Panel 180 -45 0 455.55 -227.69 229.07
SAMS 121f02 COL1D3, Forward Foot of FWED 90 -45 -90 395.08 287.99 232.22
SAMS 121f05 LAB1O1, ER2, Upper Z Panel 90 0 90 185.17 38.55 149.93
SAMS 121f08 LAB1S3, MSG, Ceiling Plate A2-A3 -90 90 0 115.21 53.41 160.98
SAMS 121f08 LAB1S3, MSG, Ceiling Plate D3-D2 90 90 0 87.99 55.19 160.98
SAMS 121f08 COL1A1, ER3, B2 Panel 0 180 0 374.17 166.19 157.03
SAMS 121f08 COL101, FSL, ODM Seat Track 0 90 0 434.37 183.25 147.01
SAMS 121f08 COL1D3, Seat Track near A3 0 -90 0 378.11 246.46 234.96
SAMS es08 COL1F2, MSG, Ceiling Plage Y1-B1 Y2-Al 0 90 90 475.63 204.91 159.95
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Location of NASA GRC ISS Sensor Deployment

Collectively, SAMS & MAMS Sensors Have Been Mounted |

21 Unique Locations

system coord_name location_name r_orient p_orient y_orient x_location vy_location z_location
MAMS hirap LAB102, ER1, Lockers 3,4 180 0 0 138.68 -16.18 142.35
MAMS ossraw LAB102, ER1, Lockers 3,4 20 0 0 135.28 -10.68 132.12
< | SAMS 121f02 LAB1S2, MSG, Upper Left Seat Track 0 0 20 161.95 40.39 157.64
: SAMS 121f03 LAB101, ER2, Lower Z Panel 0 30 -90 191.54 -40.54 135.25
2 SAMS 121f04 LAB102, ER1, Lower Z Panel 0 30 -90 149.54 -40.54 135.25
S | SAMS 121f05 JPM1FS5, ER4, Drawer 2 -90 -90 0 466.8 -292.06 214.58
: SAMS 121f08 COL1AL1, ER3, Seat Track near D1 0 0 180 371.17 193.43 165.75
U SAMS es05 LAB1S3, CIR, Front Panel 180 0 20 116.81 40.39 192.76

e} SAMS ___ esO6__ LABISA4FR, _________________0 ___ 18 ___ 0 __6931 _ 4039 _ 19641 |

SAMS es08 COL1F2, MSG, Ceiling Plate Y1-C3 Y2-D3 0 90 -90 475.71 235.22 160.27
SAMS 121f02 LAB1P3, CEVIS, Frame 0 0 -90 118.45 -38.36 170.57
SAMS 121f02 LAB10O2, ER1, Drawer 1 -90 0 -90 128.73 -23.53 144.15
SAMS 121f02 JPM1F3, TCQ, Lower Panel 180 -45 0 455.55 -227.69 229.07
SAMS 121f02 COL1D3, Forward Foot of FWED 90 -45 -90 395.08 287.99 232.22
SAMS 121f05 LAB1O1, ER2, Upper Z Panel 90 0 90 185.17 38.55 149.93
SAMS 121f08 LAB1S3, MSG, Ceiling Plate A2-A3 -90 90 0 115.21 53.41 160.98
SAMS 121f08 LAB1S3, MSG, Ceiling Plate D3-D2 90 90 0 87.99 55.19 160.98
SAMS 121f08 COL1A1, ER3, B2 Panel 0 180 0 374.17 166.19 157.03
SAMS 121f08 COL101, FSL, ODM Seat Track 0 90 0 434.37 183.25 147.01
SAMS 121f08 COL1D3, Seat Track near A3 0 -90 0 378.11 246.46 234.96
SAMS es08 COL1F2, MSG, Ceiling Plage Y1-B1 Y2-Al 0 90 90 475.63 204.91 159.95
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How Much Acceleration Data?

Approx. 95,000 actual hours  ogver 197,000 sensor-hours

Since May of 2001 on the ISS, S and MAMS have collected
over 1797283 sensor-hours
more than 7 terabytes

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Monthly % of Time Coverage

May 2001
~ today
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5. Overview of ug environment and characterization
6. Characterize some specific events and disturbances
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Overview of Microgravity Environment

Microgravity is:

» a general label for scientific
investigations that N

{

Microgravity Environment

|

exploit near-weightlessness e | [\

» one-millionth of Earth's = TR
normal gravity '
» a reduced gravity
environment ~f |
Component
Frequency 0.01 < f < 300 Hz
Magnitude
gravity gradient & rotational § equipment: pumps, fans, vehicle: thrusters, dockings
Primary effects: not at center of mass | centrifuges, compressors, etc. [ crew: pushoffs & landings,
Sources drag: function of altitude, crew: ergometer or treadmill drawer/door closings,

exercise
vehicle: structural modes

attitude, day/night, etc.
vehicle: venting water or air

experiment setup

equipment: machinery startup

18
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Basic Characterization

Head C, 25.0 Hz
551;_125 i sI:_a{mples per second Structural Coordinates
dT=21.4080 seconds

Crew: Sleep/Wake & Exercise; Vehicle: Structural Modes, Antenna Dither; Experiments: Centrifuge, 2 Refrigerator/Freezer Compressors

25
20
e i ‘ i [ I
& spectrogram: a roadmap that sho ‘
: boundaries & structure in tlme & freq |
&% - , :
=
2
S
0

012/12:00 012/14:00 012/16:00 012/18:00 012/20:00 012/22:00 013/00:00
Mission Elapsed Time (day/hour:minute) TR b
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a roadmap that shows

boundaries & structure in time & frequency

spectrogram
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Basic Characterization

Head C, 25.0 Hz LMS
fs=125.0 samples per second Structural Coordinates
dF=0.031 Hz

dT=21.4080 seconds
Crew: Sleep/Wake & Exercise; Vehicle: Structural Modes, Antenna Dither; Experiments: Centrifuge, 2 Refrigerator/Freezer Compressors

25 &
7
20
-8
= 15
g -9
e
[#)
S
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1
5
12
0 . 4 ¥ e | . y 3 i £ 9 ' { -13
012/12:00 012/14:00 012/16:00 012/18:00 012/20:00 012/22:00 013/00:00

MAILAB: 05-Nowr1999, 0803 am.

Mission Elapsed Time (day/hour:minute)
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Basic Characterization

Head C, 25.0 Hz LMS
fs=125.0 samples per second Structural Coordinates
dF=0.031 Hz

dT=21.4080 seconds

Crew: Sleefl
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RSS Ma

012/12:00 012/14:00 012/16:00 012/18:00 012/20:00 012/22:00 013/00:00
Mission Elapsed Time (day/hour:minute) TR b
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Basic Characterization

Head C, 25.0 Hz LMS
fs=125.0 samples per second Structural Coordinates
dF=0.031 Hz
dT=21.4080 seconds
Crew: Sleep/Wake & @ ehicle: Structural Modes{ Antenna Dither))JExperiments: Centrifuge, 2 Refrigerator/Freezer Compressors
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Basic Characterization

Head C, 25.0 Hz LMS
fs=125.0 samples per second Structural Coordinates
dF=0.031 Hz

dT=21.4080 seconds
Crew: Sleep/Wake & Exercise; Vehicle: Structural Modes, Antenna Dither; Experiments| 2 Refrigerator/Freezer Compressors
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Basic Characterization

Head C, 25.0 Hz LMS
fs=125.0 samples per second Structural Coordinates
dF=0.031 Hz

dT=21.4080 seconds
Crew: Sleep/Wake & Exercise; Vehicle: Structural Modes, Antenna Dither; Experiments: CentrifugQ_2 Refrigerator/Freezer Compressors
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Ku-band antenna frequency range

|
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Ku-Band Antenna, Qualify

sams2, 121108030 at COL1A1, ER3, Seat Track near D1:{371.17 193.43 165.75) Increment: 28, Flight ULF7
208.0000 sa/sec (30.00 Hz) Sum
Af=0.051 Hz, Nfft = 4096 sams2, 12108030 Hanning, k = 2924
Yop. Res. = 6.848 wuc. No= 2048 Start GMT 25-January-2012, 025/08:00:00.000 Span = .99 hours
30 - -6
* Frequency range ~ 5to 17 Hz
25 -7
20 -8
5
=
S
> B
;‘:; 15 g 1-9
z g
Re 4
(@)
¢
2]
10 =10
=11
¢ . ] "J "
& ?&.\g X fq“?r'-;.m;v - ﬁ’.‘nnm Lo 12

08:00 09:00 10:00 11:00 12:00 13:00 13:59 15:00 16:00
GMT 25-January-2012, 025/hh:mm

S o P, P, 1< v 007 1407 31 83
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Ku-Band Antenna, Qualify

sams2, 121108030 at COL1A1, ER3, Seat Track near D1:{371.17 193.43 165.75) Increment 28, Flight ULF7
2808 e SO0 sams2, 121108030 v e
Tomp. Rea, =8548 900, No = 2048 Start GMT 25-January-2012, 025/08:00:00.000 Spen = T30 hours
30 . -6
* Frequency range ~ 5to 17 Hz
25 » Orbital variations to track “current”’ satellite -1
20 -8
=
o
—> =
< g
ng § -9
£ 3
z
2]
10 -10
> | -1
s RS S .
. SR bk S A .

08:00 09:00 10:00 11:00 12:00 13:00 13:59 15:00 16:00
GMT 25-January-2012, 025/hh:mm

S o P, P, 1< v 007 1407 31 83
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Ku-Band Antenna, Qualify

sams2, 121108030 at COL1A1, ER3, Seat Track near D1:{371.17 193.43 165.75)

208.0000 sa/sec (30.00 Hz)
Af = 0.051 Hz, Nfft = 4096
Temp. Res. = 9.846 sec, No = 2048

30

Ku-band antenna frequency range

|

o

Frequency (t

104

sams2, 121f08030

» Orbital variations to track “current” satellite

» Sporadic events to acquire “next”

)

3 ’t*‘s ~n~.\9ﬂ Uplaited vy

b o atioam il <di
N e T
o @ \q' . 48 Sy
% '{

PRI :::raém '

s e iy
o it
Xigme

~ _J)g MBS

09:00 10:00 11:00 12:00 13:00
GMT 25-January-2012, 025/hh:mm

Start GN!T 25-January-2012, 025/08:00:00.000

* Frequency range ~ 5to 17 Hz

satellite

9

I PSD Magnitude [log | (2°/Hz)]

15:00 16:00

S o P, P, 1< v 007 1407 31 83
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Ku-Band Antenna, Quantify

sams2, 121f08030 at COL1AY, ER3, Seal Track near D1:[371.17 183.43 165.75]
208.0000 sa'sec (30.00 Hz)
AL 0.051 He, Rangs: 5- 17 HZ
Tormg. Resolulion: 9.946 sec

RMS Acceleration { mg aMe )

H

Ku-Band Antenna

Start GMT 25-January-2012, 025/08:00:00.000

L

SSanalysis] 0.0 0.0 0.0]
Hanning, k= 1

2

1.8

1.6

1.4

p—y
ra
|

-
1

=
(a2
|

0.6

0.4 -

0.2

*same 8-hour span as previous spectrogram
*interval RMS (every 10 sec for 5 <f < 17 Hz)

*nominal variations: ~ 0.1 to 0.9 mg RMS

Time (hours)
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RMS )

{ mg

RMS Acceleration
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0.4- i}

0.2-

National Aeronautics and Space Administration (NASA) Glenn Research Center

Ku-Band Antenna, Quantify

scale and move interval RMS plot from previous slide...
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1.8

1.6

1.4

1.2

RMS Acceleration ( mg AMS )

National Aeronautics and Space Administration (NASA) Glenn Research Center

Ku-Band Antenna, Quantify

..overlay (red) moving average of (black) interval RMS...

0.8

Time (hours) T ———
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Ku-Band Antenna, Quantify

1.8

1.6

...recolor moving average & underlay spectrogram!

RMS Acceleration ( mg o )

5
0.8 =
"
~ 2
) 0
S06 E;
g 15 .-
E 2
g &
<04 -
=
£
“
0.2
10
0
5
0
08:00 09:00 10:00 11:00 12:00 13:00 13:59 15:00 16:00

GMT 25-January-2012, 025/hh:mm

O s e A, P, T Jarve 2003 DD 31 8D
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1.8

RMS Acceleration ( mg o,c )

Frequency (Hz)

National Aeronautics and Space Administration (NASA) Glenn Research Center

Ku-Band Antenna, Quantify

...recolor moving average & underlay spectrogram!

Intensity correlates with frequency with a few
notable exceptions (in white boxes) when
some of higher vibes occur while frequency is

just above 10 Hz or so 3
§
]
(=]
.
08:00 | 09:00 10:00 11:00 12:00 13:00 13:59 15:00 16:00

GMT 25-January-2012, 025/hh:mm

O s e A, P, T Jarve 2003 DD 31 8D
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ATV3 Reboost GMT 31-Mar-2012

BEFORE

0<f<200Hz

DURING

sams2, 121703 at LAB101, ER2, Lower Z Panel[191.54 -40.54 135.25)

Before ATV3 Reboost

Slmn GMT %'I—Mnrch—%ml 091f1|8:50 DU.OU]

SSAnalysis] 0.0 0.0 0.0]

Original Mean = 0.0235 mg
RMS = 1.3867 mg

T
Original Mean = =0,2258 mg
RMS = 1.0384 mg

Original Mean = -0, 1146 mg
RMS = 1.2072 mg

500.0000 sa/sec (200.00 Hz)
10 1 1
8
. 6
>
E 4
=
S 2
1
3
8
-]
8
£ 44
= e
_8_
-10 ,
10 .
8
~ 6B
>
£ 4
=
s 2
B
§ 0
< -2
B
< 4
I
> 6
78,
-10 .
10 L
8_
~ B
>
E
=
o
s
]
2
£ -2
o
<
N g
_8_
-10 .
0 1

Time (minutes)

o oA e, 1B-A0r SO WATZL

sams2, 121703 at LAB101, ER2. Lower Z Panel 181 54 -40 54 135 25]

500.0000 saisec (200.00 Hz)

Y-Axis Acceleration ( mg )

Z-Axis Acceleration { mg )

During ATW3 Reboost

?Iaﬂ GMT ?:I'I—Mar{:h—2‘012. 0911’2|I:53.D0.00%

SSAnalysis] 0.0 0.0 0.0]

Original Mean = -0. 1458 mg
RMS = 1.2720 mg

0.9837 mg

Criginal Mean = -0,2222 mg

RMS

1.1295 mg

Original Mean = -0,1080mg

RMS

Time (minutes)

w

e s s P, 183 0, 1 S0
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sams2, 12103008 at LAB101, ERZ, Lower 7 Panel:[101 54 -40 54 135 25]
142.0000 sa'sec (6.00 Hz)
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BEFORE

sams2, 12103008 at LAB101, ERZ, Lower 7 Panel:[101 54 -40 54 135 25]

142.0000 sa'sec (6.00 Hz) Before ATV3 Reboost
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BEFORE

sams2, 12103008 at LAB101, ERZ, Lower 7 Panel:[101 54 -40 54 135 25]

142.0000 sa'sec (6.00 Hz) Before ATV3 Reboost
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- ATV3 Reboost GMT 31-Mar-2012
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National Aeronautics and Space Administration (NASA) Glenn Research Center

ATV3 Reboost GMT 31-Mar-2012

Top 2 subplots focus on max spectral peak between 0.05 <f <0.15 Hz

RMS value g
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ATV3 Reboost GMT 31-Mar-2012

Top 2 subplots focus on max spectral peak between 0.05 <f <0.15 Hz
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ATV3 Reboost GMT 31-Mar-2012

Top 2 subplots focus on max spectral peak between 0.05 <f <0.15 Hz
DURING ~20 ugRMS

20

RMS value g

b= median = 2.058 ug

fre @ A5 T— p—
B e ESE
ax PS D = 0.1 —él,: median = 0.095 Hz
m kel ——
0,055 = ==
sams2, 121f03006 at LAB101, ER2, Lower Z Panel:[191.54 -40.54 135.25] 2
142.0000 sa/sec (6.00 Hz) S
Af= o.oostzs.e:m ~eseas sams2, 121f03006 Hanning, k = T2
Temp. Res. = 38.986 sec, No = 60000 Start GMT 31-March-2012, 091/16:00:00.000 Span = 7.86 hours
1 + - —— = -6
0.0 PO S e - S T . S R B 25 T, pRl oINS A s
-7
0.8 R = R e~ I T e e e s - -~ R R LSS s fu e L,
0 7 [ I o SR GRS = A B e R - 8T MG RS R R R - R ISES e L
: _8
~
=
06 ................................................................................. — @
= =
5 ]
gO.S .'Z.. e e o > 2 o .. . B R . _§ -9
= J = = - | - =
g )
P =
04 .................. St .. RS e Wt e T kg ] ‘ ,,,,,,,,,,,,,,,,,,, atacs B cTo S Sal & — Q
- | [7,)
-5
" -10
0.3 —faanre SRR et L NS e R A i R R | ' .......................... X
02 ,,,,,,,,,,,,,,,,,,,,,,,, —
=1 B
0.1 RS A e SR R e S R —
0 I -12
16:00 16:59 18:00 19:00 19:59 21:00 22:00 23:00 00:00
GMT 31-March—2012, 091/hh:mm o mCRaSPUBESS, exety, 18-AGr-2012,15: 1245 528

39



@ National Aeronautics and Space Administration (NASA) Glenn Research Center

ATV3 Reboost GMT 31-Mar-2012

Top 2 subplots focus on max spectral peak between 0.05 <f <0.15 Hz
DURING ~20 ugRMS
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“Mode One” Analysis
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@ National Aeronautics and Space Administration (NASA) Glenn Research Center
i)

“Mode One”

The small plots on this slide
l give x-, y-, z-axis components
of same data as previous slide.

Predominantly Y-Axis.

During two separate shuttle-
docked periods, we see the X-
and Z-axis of the station/shuttle
ensemble has a mode between
about 0.11 and 0.12 Hz.
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X-axis

Y-axis

Z-axl|s
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National Aeronautics and Space Administration (NASA) Glenn Research Center

“Mode One” Analysis
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National Aeronautics and Space Administration (NASA) Glenn Research Center

“Mode One” Analysis
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Robonaut Ops, Qualify

sams2, 121103 at LAB101, ER2. Lower Z Panel:[191.54 -40.54 135.25]
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Temp. Res. = 16.384 sec, No = 0 Start GMT 15-February-2012, 046/15:00:00.000 Span = 179,68 miuses

-6

180

160

viewed on typical roadmap spectrogram, but
zoom in around 47 Hz or so, and...

140

120

Frequency (Hz)

80

¥ PSD Magnitude [T8y

40

15:00:00 15:29:50 15:57:19 16:30:00 16:58:47 17:12:41 17:31:38
GMT 15-February-2012, 046/hh:mm

o AT b 3 Vo 117 (4TI R

49



National Aeronautics and Space Administration (NASA) Glenn Research Center

Robonaut Ops, Qualify
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Robonaut Ops, Quantify

ZIN Technologies

Robonaut Ops
Quantify

e e Ao Robonaut Ops
Stant GMT 15-February-2012, 046,71 4:00:00.

400 1
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501
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e

Acceleration Measurements Program

PIMS ISS Acceleration Handbook

240

N-Axis

Glenn Research Center

Description

121103

Sensor | 540 sa/sec (200 Hz)

Location | LAB101. ER2, Lower Z Panel

Plot Tvpe | interval RMS vs. time

Notes:

The spectral peak at ~47 Hz was the
primary vibratory contributor during
Robonaut Ops giving rise to the step
of ~54 ugRMS above the “off” state
for the frequency range from 46.97 to
48.07 Hz as shown in this table:

RobonautOps | ugrus

“on™ (during)

There were a couple of large
transients noted during “good
motion” (see the “Qualify” partof
this handbook entry). The SAMS
sensor registered acceleration vector
magnitude transient peaks of about
11.46 mg and 9.50 mg around the
time noted for those “good motion™
entries, but it is not definitive that we
can attribute those transients directly
to the robonaut’s motion.

Regime: | Vibratory
Category. | Experiment Equipment
Source | Robonaut Ops
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National Aeronautics and Space Administration (NASA) Glenn Research Center

ATV1 Docking GMT 03-Apr-2008

Jules Verne ATV Docking

QUANTIFY
102 3t LAS102, SR, Drawer 11125.73 -2343 144,15} ncramant. 14, Fight 124 1
000 savsec (100,00 Hx Jules Vemne ATV Docking ":’-O’N‘::ﬂ_’;‘-":
A Stant GMT 03-Apni-2008. 094/14:40:00.000 ( Sze 100, Sep 100 sec
| initial contact | -
104 -
| 3
‘ .. 2 3
. Il | driving latches| |::
, 5
I ¥
A AAGAMA A Aaispaated SN iAsmsb g Ao cohstndadommmthiddons] : 3
0 5 10 15

Time (minutes)

~ 20,000 kg (44,000 1b)
> 450,000 kg (990,000 1b)

PIMS ISS Acceleration Handbook
Date last modified 4/18/08

Glenn Research Center

Description
Sencor 121102
SEISOTY 550 0 sa/sec (100.00 Hz)
Location | LAB10O2. ERI. Drawer 1

Inc/Flight | Increment: 16. Flight: S15

Plot Tvpe | spectrogram

NOTES

e The ATV's initial contact with ISS
occurs at approximately 6 minutes
mto the interval max plot.

¢ Peak magnitude of iitial contact as
- " » ]

d<s (1 b d
Unlike shuttle dockings. the driving
of the latches 1s not readily apparent
in these plots. The oval calls out the
time period where the driving of the
latches occurred.

ATV Dockmg (Image from ESA Website)

Regime: | Vibratory
Cateqgory: | Vehicle
Source: § ATV Docking
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Progress Reboosts

Description
Progress Reboost MAMS ossbtmf
Sensor | 0.0625 sa/sec
= B Progress +X Thrusters, Ofi-Pulsing  —
Lo
St GUT 08-Mareh-2002, 065042713 540
Soo oRa. o5
co0d 7o N e W \"*’GV Orien]
% 400-| [ 1S
§ 0 ! \ Progress Reboost
] / \ .
3 i \ Inc/)
i Wean Durng Reboast 0.4 mg
2| 1
i
= Plot The table below compares average acceleration from vehicle data to the average acceleration calculated from MAMS Description
~o00-|
T T T T T T T Reboost Information Calculations from MAMS OSS data
Ignition (GMT) Comments AV Duration AVIT Duration AV X-Axis Sensor MAMS, ossbtmf
™ — (misec) see) (mg) (see) (misec) | Mean (mg) 0.0625 sa/sec (1 Hz)
Rl NoT| 1-0ct-2001, 4 Progress +X Thrusters 47 1560 031 162930 463 029
§ ] . D 112%‘302331 Locati LABI102. ER1. Lockers
I e I B IS o 4 Progress +X Thrusters a5 1560 029 162378 446 028 ocation | 5
3 -20n- to) 10-Jan-2002
i . 4P X Thrust 54 1877 029 1,863.90 53 029 L :
¥ 04 010/01:35:15 rogress +x Thrusters : | S Space Station Analysis
« T 10-Jan-2002 Orientation | ‘oo
~300- - 010/03-43 26 4 Progress +X Thrusters 48 1654 030 1,643.00 467 029 (SSA)
T T T i i i i u 21-Feb-2002, & Progress +X Thrusters, - -
: . . . . . . o sol08 2T OrPusn 135 239 058 237.40 1.21 052 Inc/Flisht Increments: 3-9
o004 thf 21-Feb-2002, 8 Progress +X Thrusters, 3 Flichts: Various
Lo o 0510359 on Pulsin 135 243 057 238,50 124 053 g i
£ a 06-Mar-2002, 8 Progress +X Thrusters, " .
E 20 065/03.9712 o Pulsin 10 158.2 065 157.70 0.93 0.60 Plot Type | Time Series
N S N S — o 06-Mar-2002, 8 Progress +X Thrusters, N
LN . s Py oft Puising 25 395.1 065 398.80 25 064
Z 13-Mar-2002, 8 Progress +X Thrusters, .
T -a00] :. 072/00-0410 Of Pulsing 22 319 070 300.30 18 061
-800-{ 13-Mar-2002, 8 Progress +X Thrusters, -
. . . ‘ ‘ ‘ ‘ o 07100 5245 S Pusin 40 636.1 064 609.70 394 066 =
2 4 B o8 o P s 19-Apr-2002, 8 Progress +X Thrusters, . =2 z
T e ; 10910759 Off-Pulsing 073 e 063 14270 o6 043 o Reboost Information column
. 01-Aug-2002, & Progress +X Thrusters, ; ; ;
B EYEt By o Puisin 43 760 058 761.10 4.18 0.56 contains estimates. Tl_ns
5] Ti-February-2003 8 Progress +X Thrusters, 51 1200 0d3 1168 201 05 information was obtained from Rex
of 042/11:24:30 Off-Pulsing Delventhal, GNC Daily Reports
12-March-2003 Progress Manifold 1 138 597 0.24 634 13 021 / . .
% @ 071/22:58 4 Progress +X Thrusters ' - and/or On-Orbit Summaries.
{ ), ot 12-March-2003 Progress Manifold 2
N 072123:37 4 Progress +X Thrusters 037 198 019 219 03 014 . . )
Microgravity Science Division Glenn Research Center 04-April-2003 B Progress +X Thrusters s A oA 05 163 02 o  Values marked with an asterisk
E 094/12:59:18 Off Pulsing may be off by as much as 14 ug
= T0-Apr-2003, B Progress +X Thrusters 148 61 023 o2 4 022 X . =
PIMS ISS Acceleration Handbook 100/10:55 Off-Pulsing - - - - due to lack of bias compensation
Date last modified 10/20/04 : for 0SS A-range data
i for 24
duration(sec) deltaV(m/s)  xMean(mg) or Roams | Guas sty
Category: | Vehicle
ration Handbook b t -
MEAN 686 2.36 0.39 ion Hando renoos Sotrce | Progress Thmesters
STD 517 1.49 0.15 | events
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Outline

Science support/customers

Microgravity community feedback model

Timeline of acceleration system deployment
Location of acceleration sensor deployment
Overview of ug environment and characterization
Characterize some specific events and disturbances
Impacts on microgravity science

Moving forward

The “best 4 hours” plot
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Impacts/Crew Exercise: ISS

Velosiped (VELO VB-3M) Ve I O

Quantify
S
TR VELO VB R Description
e ) ) | Start N, f-Novambec2010, 1SAE-HE00001 N y oA P

Multiple Sensors

SENSOT | Cutoff of 10.00 Hz

Location | Multiple Locations

Oricntation | SPA¢¢ Station Analysis

(SSA)
- Inc/Flight | Increment:25, Flight: UF4
= Plot Type | Cumulative RMS. Jration Isolation System (CEVIS) Data Description
g FANTIFY
Sensor | see upper left of figure
NOTES: >y
Location | see upper left of figure
g + Toquantify the impact of VELO exercise. (. e -
H cumulative RMS curves were computer for ez covarzom X Inc/Flight | ncrement: 4, Flight: UF1
multiple sensors. The
the pedaling frequency (4.6 Hz) a Plot Type | cumulative RMS
shoulder sway (2.3 Hz) can be se¢
sensors Nares
+  Contributions per component as measured by To quantify the impact of 8 CEVIS exercise period
each sensor are found in the table below from four sensor locations. the cumulative RMS.
Values are i jgRMS acceleration versus frequency curves shown m the.
figure were computed. The legend af the upper left
Sensor 23Hz shows which trace was computed for each of the
121103 352 different sensors. The curves in this figure all step
A 352 wp abowt 70 uggyys at the pedaling frequency. but
1 2 3 AR 7 . e o 121805 13 vary fo some degree across the rest of the
e 21708 33 acceleration spectrum below 10 Hz The
HIRAP 518 i . wariability is expectad as the SAMS sensors used
i - - for the analysis were distnbuted throughout ER1
| and ER2 as ndicated by the legend.
Microgravity Science Division Glenn Research Center Regime: | Vibratory
Category: | Crew Exercise
source: | velosiped (VELO VB-3M) C EV I S

Fraquenicy (v}

Regime: | Vibratory

Category | Crew

rgometer wi

T
Source CEwW

C ibration
Isalatior S}

Microgravity Science Division

Gilenn Research Center
PIMS ISS Acceleration Handbook
Date last modified 12/31/02

T2 (isolated)
T2 (non-isolated) <10 590
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Impacts/Crew Exercise: ISS

T2 (COLBERT)

Quantify

Gomparison of solsted vs, Urisclsed Exsrcise on T2

1236 feokated)
Bassing GT 1 colated)
Exercsa GMT 150:0001 - 00:19 (Unisoiated)
Basaing GMT 180:00-20.. 00:38 (Unisolated)

Froquerecy s}

Microgravity Science Division

PIMS ISS Acceleration Handbook
Date last modified 12/30/10

Glenn Research Center

Description
Sensor | 121003
500 sa/sec (200.00 Hz)
L LABIOL. ER2. Lower Z
ocation

Panel

Space Station
ntation (P

Analysis

Inc/Flight | Increment.24

Plot Type | Cunlative RMS

readmill 2 (T2)

Velo

-‘”:ES . ton ot (VELO VB-3M)
* To quaniify the contribution of exercise on o
T2, for both isolated and un-isolated cases, a Juantify
cumulative RMS plot was computed. For
reference, baselines were computed durmg -
periods of no exercise. P (VB Exarcie ek 88
promber 2010, 3ISAGH0000 N . et
®  The table below lists the approxmmated
contribution of T2 for significant bands in
neRMS [
Band Isolated | Unisolated
0-10Hz 40 h r
10-25Hz |50 30
0-25Hz 90 620 L
Regime: | Vibratory —|
Category: | Crew J"’
Source. | T2/ COLBERT / .
02 !/f = 9
H B H T H 7 : : o

Microgravity Science Division

Glenn Research Center

Equipment

Frequency (Hz)

T2|(isolated)

T2|(non-isolated)

Description

Sensor

Multiple Sensors
Cutoff of 10.00 Hz

Location

Orientation

Multiple Locations

Space Station Analysis

Microgravity Science Division

PIMS ISS Acceleration Handbook
Date last modified 12/31/02

Gilenn Research Center

(SSA)
Inc/Flight | Increment:25, Flight: UF4
Plot Type | Cumulative RMS. Jration Isolation System (CEVIS) Data Description
PANTIFY
Sensor | see upper left of figure
NOTES m—— g n
- Locanon | see upper left of figure
 To quantify the impact of VELO exercise ~ —— —t i =
cumulative RMS curves were computer for - 2oez. covnazzom Inc/Flight | Increment: 4, Flight UF1
‘mulfiple sensors. The jump at
the pedaling frequency (4.6 Hz) and the Plot Type | cummiative RMS.
shoulder sway (2.3 Hz) can be seen i all
semsors Nates
+ Contributions per component as meastired by To quantify the impact of 8 CEVIS exercise period
each sensor are found in the table below L from four sensor locations, the cumulative RMS.
Values are in jgRMS acceleration versus frequency curves shown m the.
figure were computed. The legend at the upper left
Sensor 23Hz 4.6 Hz shows which trace was computed for each of the
121103 352 135 different sensors. The curves in this figure all step
Did | 32 147 up about 70 uggys at the pedaling frequency, but
121805 13 1.0 vary fo some degree across the rest of the
121708 33 163 acceleration spectrum below 10 Hz. The
HIRAP 518 79 variability is expected as the SAMS sensors used
- for the analysis were distnbuted throughout ER1
and ER2 as indicated by the legend.
Regime: | Vibratory
Category: | Crew Exercise
Source: | velosiped (VELO VB-3M) C EV I S
3 3 B : 7 H 0

Regime: | Vibratory

Category | Crew

rgometer with Vibration

Soures ystem (CEVIS)

C
Isalatior
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Impacts/Crew Exercise: Shuttle

<10 Microgravity Disturbances Caused by Exercise
T T T T T T T T

LMS IVIS/PCIS ON FD

45

»
th
1

LMS MS-3 ERGO IN S/L

s
I

LMS PS—1 ERGO IN S/L

ATLAS TARDMOUNT MID

in
T

(=]
I

MIR TREADMILL
S D

" i ™9 celera 1 1
Cumulative :\LL:ILrllmn (Lnusj

SMF ARD N
SML-1, CDR HARDMOUNT

n
T

LMS MS-1 & PS-2 IVIS/PCIS

= USML-1 CDR BUNGEE
SML-1 PLT BUNGEI

USML-1 MS-2 BUNGEE

ATLAS-3 ILRD

050"

= ! ! 1 1
0 1 2 3 4 5 [ 7 8 9 10
Frdquency (Hz)

2 spectral peaks arise from shoulder sway & pedaling rate with
excitation of Shuttle structural modes @ 3.5 and 4.8 Hz
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Moving Forward

« Ongoing microgravity acceleration services are available
for principal investigators, structural studies, sustaining
engineering, technology developers and the microgravity
community at-large (CSA, JAXA, ESA, etc.)

« SAMS has the ability to instrument and measure in all 3
laboratories (LAB, JPM, COL) for the vibratory regime

« MAMS has the ability to measure quasi-steady
acceleration and map to arbitrary locations on the ISS
(rigid body assumed).
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Outline

Science support/customers

Microgravity community feedback model

Timeline of acceleration system deployment
Location of acceleration sensor deployment
Overview of ug environment and characterization
Characterize some specific events and disturbances
Impacts on microgravity science

Moving forward

The “best 4 hours” plot
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Description for “Best 4-Hours” Plot

#HourRecs = 720

A

ugRMS

140

120

100

80

601

40

30-day summary through GMT 107/2012-04-16

min median (53.6 ugRMS) @ hour 02 || UgRMS Distribution for 121f02 (0.000 <= f <= 10.000 Hz) #DayRecs = 30]

T

T
-
|
|

¢ GMT 2012-04-16

#1

title line #1: sensor designation & frequency range of interest
title line #2: summary period

total number of hour records for the summary period
total number of day records for the summary period

T maximum MARKER
KEY

median
value for legend box

L minimum

which 4-hour span had max (and min) ugrms median value

#3 during the summary period

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23

4-Hour Span Starting at GMT Hour (hh)
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30-Day Summary for|LAB (MSG) Location, f <10 Hz

max median (93.2 ugRMS) @ hour 15
min median (53.6 ugRMS) @ hour 02

140

120

100

80

ugRMS

60

40

20

#HourRecs = 720

ugRMS Distribution for[121f02|(0.000 <= f <= 10.000 Hz) #DayRecs = 30

30-day summary through GMT 107/2012-04-16

IIIII\II_\'- L lll\\lllll
I T+ ! ¢ GMT 2012-04-16
I L
I :Il T =
5 I T - :| - ! ]
|_'_ | 1 | ||T
T o I |
||"::| T 1+ |:
o, b | P!
[ N | L
- I T b 1
I|I | I
- _ n | [ |
T T I -
II: P! l:T
L1 _ I Lo : i
T T L X
::Illl :Il_!_" ¢ '
: N h 4
|:| [ <:><'> a
= - = |
|J-L 1
|J--L *Q'
¢ , - L - ¢
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23

4-Hour Span Starting at GMT Hour (hh)
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30-Day Summary for|LAB (MSG) Location, f <10 Hz

max median (93.2 ugRMS) @ hour 15 #HourRecs = 720

R sor02~ UgRMS Distribution for[121f02](0.000 <= f <= 10.000 Hz) #DayRecs = 30
140 30-day summary through GMT 107/2012-04-16
1 I T 1 T T 1 T T _\r T T T T l T T I 1 T T T T T
| T ! ¢ GMT 2012-04-16
I L
! SR T -
120} ! - 1 o -, i
I | | : | : | 1 T
: LT
' Coor ! S B
100} ! L 1
| | 1
— _ I | |
- T -
| |
80_: : T L 9 : -
g I I I - ® :
I | I X
E ! | T a
s - - | |
ﬁoﬁ Q , I
. Crew Activity, MSG Ops ~ ¢ :
.0 -t 93ugRMS, f < 10 Hz -
201 1
0_ i

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
4-Hour Span Starting at GMT Hour (hh)
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30-Day Summary for|LAB (MSG) Location, f <10 Hz

i o #HourRecs = 720
| min median (53.6 w‘ugRMS) @ hour 02 || ugRMS Distribution for[121f02](0.000 <= f <= 10.000 Hz) #DayRecs = 30

140

120}

100}

80f

ugRMS

60

40t

20f

30-day summary through GMT 107/2012-04-16

Best 4-hour span : ¢ GMT 2012-04-16
starts at GMT hour 02 |

(during crew sleep) -
54ugRMS, f < 10 Hz

i

R i
e LI F--------
- LT - - -
- -1

1< —

- -
-+ -
F{E}—

-1+
|_
|__
|_
|___
|._
|_
|.___
}
1$
& —

Joat

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
4-Hour Span Starting at GMT Hour (hh)
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30-Day Summary for|COL (ER3) Location, f < 10 Hz
ﬁ%ﬁ%@%ﬁ-&ﬁﬁﬁﬁ UgRMS Distribution for[121708](0.000 <= f <= 10.000 Hz) A Dayhoes = 26

140 30-day summary through GMT 107/2012-04-16

ER3 Columbus module location S SO
120  also has its best 4-hour span
starting at GMT hour 02

100}

PR

60r

ugRMS

o-- - I

o T T - - -

40t

20f

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
4-Hour Span Starting at GMT Hour (hh)
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30-Day Summary for LAB (ER2) Location, f < 10 Hz

i . #HourRecs = 720
| min median (20.3 ugRMS) @ hour 01 | ugRMS Distribution for[121f03|(0.000 <= f <= 10.000 Hz)

#DayRecs = 30
140 30-day summary through GMT 107/2012-04-16
\ ¢ GMT 2012-04-16
120} However, ER2 location has its
best 4-hour span starting at
GMT hour 01
100}
801
w
=
o'
S
60} ~
—_ ] -
[ —
ST
_ = by
40_ N Y % | 1 - T
e, Tﬁééé%%%w 30641
L LlameB0T I L
20$$$$$%+‘l i
0_ i
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23

4-Hour Span Starting at GMT Hour (hh)
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30-Day Summary for LAB (ER2) Location, f < 10 Hz

min 223:2'& 533@ ﬁgﬁméi (S Egﬂrrcl)i ugRMS Distribution forM(o.ooo <= f <=10.000 Hz) #I-;oggsggi::?%g
30-day summary through GMT 107/2012-04-16
140" I ! I ! 1 1 1 U 1 I 1 I I 1 1 1 U 1 1
¢ GMT 2012-04-16
120f
100}
w0l Before we leave this slide, note the
2 vertical axis upper limit of 140 ugRMS
S o for frequency below 10 Hz...
40} =33 3 L DL -
R ST LLCEEAAL LI Ies
20@@ ﬁ%‘%—‘l_ %
0_

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
4-Hour Span Starting at GMT Hour (hh)
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30-Day Summary for LAB (ER2) Location,|"mode one”

max median (2.5 ugRMS) @ hour 14 #HourRecs = 672
min median (0.5 ugRMS) @ hour 01 UgRMS Distribution for] 121f03P06(0.050 <= f <= 0.150 Hz] #DayRecs = 28

-04-16

30-day summary through GMT 107/

¢ GMT 2012-04-16

..compared to upper limit of 6 ugRMS
for same data set except we are now
4{| dialed into “mode one” frequency range.

”TQEMQBQQ
[ R
S " 3

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23
4-Hour Span Starting at GMT Hour (hh)
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Plans tQ participate in...
Open Government Initiative

TRANSPABRENLCY @ PARTICIPATION ® COLLABORATION

ABOUT SERVICES RESOURCES MEDIA ROOM BLOGS OPEN GOVERNMENT

Microgravity Science
Glovebox Shutdown
Captured

oTr 12

Read More

Quasi-steady Roadmap Browser Microgravity PIMS Acceleration ug-RMS vs. Time
Roadmap Handbook Data Archive Distribution




